Abstract. 2014 When the coupling between two ions associated in pair exceeds a given value, the excitation of both ions of the pair is impossible when using a single narrow laser. This double excitation was obtained with two lasers of different wavelengths. A narrowing of the inhomogeneous broadened lines is observed which gives information on the strain field in the crystal. From the difference between the wavelengths, the order of magnitude of the coupling is deduced and compared with phonon assisted transfer rates.
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J. Physique -LETTRES 43 (1982) The development of dye lasers has triggered new investigations of excitation transfer between ions in solids. LaF3 : Pr3 + is an interesting system and has been used to study some fundamental aspects of transfer within an inhomogeneous line [1, 2] and also the delocalization of the excitation [3] . The figure 1 . The transfer rate for each class of pairs has been deduced from the dynamics of the fluorescence emitted by this class.
It can be seen in figure 1 that satellites A and B do not produce that up-conversion fluorescence. However, in the course of the studies of references [7, 8] figure 1 with an extended energy scale. The other spectra are excitation spectra obtained by scanning laser L2 when laser L1 is at the position shown by the arrow. The energy differences dl, d2, d3 between the energies of the lasers are constant when L1 position is changed, but d4 and ds slightly change. Figure 2 shows also that two lines, shifted by d4 and ds from the laser, are detected when satellite Bt is pumped by Lt.
For C and D absorption lines, the situation is different since a single laser produces an upconversion fluorescence. Although these two lines seem to be very analogous (they are broader than the others, the excitation lines have long tails, the up-conversion rate is fast), the following observations have been possible only with D line. It is thought that this is due to the position of C line in the wing of the main line. The observations are : i) a shift between the absorption and the single laser excitation line; ii) the appearance of a « bump », shifted by d6 from the laser, on one side of the excitation line observed with laser L2 when laser L 1 is pumping near the maximum of the absorption line (see the lower right spectrum in figure 2 ).
Before proposing an interpretation for these results, some data on LaF3 structure must be recalled. It seems now well accepted [9] [12] or pairs of Nd3 + in LaCl3 [13] . This results from the fact that the energy levels of these ions, in the absence of coupling, are degenerated and that the coupling between the two ions of a pair lifts the degeneracy, leading to a complicated energy diagram. With Pr3 + : LaF3, since the energy levels of the isolated ions are singlets, the coupling leads to the well known symmetric (S) and antisymmetric (A) above eigenstates in which an excitation is delocalized on the two ions of the pair. This situation is quite similar with that encountered in molecular crystals, the pairs described here being then called dimers [ 14] .
The transition 0 -~ 2 (3H4(1) -+ 'DZ (2) Fig. 1 ). The double excitation with a single laser might also be obtained for more coupled pairs by a double quantum transition (see Fig. 3d ). Except perhaps for lines C and D discussed below no evidence for this process has been found.
The results obtained with two lasers for the strongly coupled pairs associated with lines A 1, A2, B2 are well explained from figure 3d : laser L1 is absorbed at a wavelength corresponding, for one satellite, at the transition from the symmetric ground state to the 0, 2 &#x3E;A state; after the fast relaxation two 0, 1 &#x3E;A (this point will be discussed elsewhere) the pair is excited by L2 two 11, 2 &#x3E;8; another fast relaxation puts it into 1, 1 & # x 3 E ; 8 from which the blue fluorescence occurs. The difference between the energy of the two photons is calculated from figure 3d as This difference gives thus the order of magnitude of the coupling Hamiltonian Jec. The determination of all the 5;j should need experiments with other polarization for the laser beams and also experiments by pumping into the lowest level of the 1 D2 multiplet. Due to the weakness of the oscillation strength for these transitions, lasers having larger power are necessary.
The analysis of the spectra shown in figure 2 leads to two interesting points. Firstly, it shows that the excitation lines are narrower than the absorption lines, the narrowing being probably limited in the experiments by both the laser width and the homogeneous width of the transition. This narrowing must be distinguished from that observed by the fluorescence line narrowing [15] . It has something in common with the « absorption line narrowing » observed in gases [16, 17] [7] ) or the attribution of the absorption lines to the various classes of pairs, we want to point out that the preliminary results reported here show the interest of the technique used and bring physical information. The technique is a two-photon absorption technique, well known in gas spectroscopy but applied to solids for the first time. It has the advantage to narrow broadened lines inhomogeneously and has given here information on the field strain. It has also made possible for the first time to measure both static and dynamic consequences of the coupling between two ions associated in pairs. Leaving a more quantitative analysis for a forthcoming paper, one can recall the order of magnitude : energy shifts of the order of 0.5 cm -1 ( 1.5 x 1010 Hz) and phonon assisted transfer rates of 10' s -1. From the former a resonant transfer rate of 1010 S-1 can be deduced. The ratio between these two rates shows the reduction introduced by the participationõ f a phonon for the transfer.
